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15 3 1 ABS~CT 
A process for purifying mineral spirits which have hem 
used to clean Otto Fuel II gropelIed torpedoes by heat- 
ing the mineral spirits to decornpore I.2-propanedioi 
dinitrate and remove hydrogen cyani’de and other gzse- 
ous decomposition produces, and then distill the min- 
eral spirits from the reL?iain?ng contaminants. 

9 Claim, 1 Drawing Sheet 

A statutory invention wetration is not a patent. It has 
the defensive atributes of a patent but does not have the 
enforceable atibute of a patem 3’0 ahcie or advetise- 
merit or the like may use the term patent, or any term 
sUggesthe of a patent, when referring to 8 sbtutory in- 
vention registration. Fur more specific information on the 
rights associated witi a statutory invention registratbn 
see 35 tLs,c* 157. 
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BACKGROUSD OF THE I?+TESTIOS 
This invention reizres to mineral SDiritS and tiorc 

par,icuiariy tu the rcciarration of conra*m~natcd mineral 
SPitiLL 

Organic solvents have become commonplace in De- 
parrmenr at” Defense (DUD) installations for the re- 
moval of grease. din, and other contaminants from 
metal s&aces. Tne widely accepted methods oi dis- 
posal have been incineration and detp well injection 
but. as a result of increasinelv strict pollution reguia- 
Cons and the rising cost of s&ents, the DOD h2~ &en 
directed to invcsrigate recyciing rather than disposal. 

In one application. 92.3 percent mineral spirits (Fed- 
eral Specification TT-T-291 Type III) and 7.7 percent 
preservativeoii WS 12953, TECTr’3, QlWA) are 
used in cleaning baths 3s part of a postrun maintenaxe 
operation for torpedoes. As torpedoes pass through 
these clear@ baths. gre2sc and dirt as well as Otto Fuel 
II (torpedo propellant) and hydrogen cyanide (HCh% a 
combustion product aC Otto Fuel II, accumulate. Otto 

I Fuel II is composed of 76 weight percent of 1,2- 
propancdiol dinitrate (PGIX), X:5 weight percent of 
dibutyl scbecate (that is dibutyl decanedioatc), and 1.5 
weight percent of 3nitrodiphcnl;iamine. 5implc distiila- 
tim producs a mineral spirit distillate which is still 

1 contaminated with l.Z-propancdiol dinitrate and hydra- . ./ 
gcn cyanide. A process for recovering the miner4 spir- 
its free of Otto Fuel II and hydrogen cyanide is needed. 

I Preferabiv such a process should not require chcmicA 
re3gents. ’ 

SVMMMW OF THE IXVEYXIUX 

Accordingly, an object of this invention is to provide 
a new merhod of purifying mineral spirits. 

Another objcc: of this invention is to provide a 

method ol’removing Otto Fuel II and hydrogen cyanide 
from mineral spirirs. 

A funher object of tfris invention is tu remove Otto 
Fuel II and hvdroeen cyanide from mineral spirits with- . 
out the use of chcmicai reagents. 

These and other obiects of this invention are accom- 
plished by providing a method of treating Otto Fuel 11 
and hydrogen cyanide contaminated minerai spirits by 
(1) removing 1,2-propancdiol dinitrate and hydrogen 

cyanide by simultaneously 
(a) h$arine the contaminated miner& spirits in a oar- * 

hill; filled wse! at a Wmperature of from about 
No C. 10 the re9ux temperature of the mineral 
spirits at a:mospheric pressure to 
ci) decompose the 1,2-proDanediol dinitrate to gase- . 

0~ decomposition produc*s inc!uding h);dr&n 
cyanide and nitrogen otides 3nd 

(ii-1 drive the gase~~ decomposirion products from 
the mineral spirits into open portion of the ves- 
Sd. 

(bj pursing the faxous decomoosition products from 
l 

the &ss4 &h a stream of a ~xrier*gas. and 
(c‘) removing the hvdrogen cvanide and tirrogen e r 

oxides from the carrier gas: 
and when the concentration of 1.3propanedioi dini- 

trate in the mineral spixs has bezr, xduc~d to ~II 
Y acceptable level, 

(2 recovering :he mineral spirits from the VCS& bv I 
distillation. 

2 

BRIEF DESCRIPTIOS OF THE DROJSG 

A more complex understanding of the invention and 
of many of the 3;;enC3nt 3dvantqcs xhereof will be 
resdv appreciated as the same becomes better ur,der- 
stood ‘by reference to the act~mpxyng ciraurins in 
which the sole figure sblrLd -L-cnatic311y il!usrrstes a typic31 
apparatus which may be used far this process. 

DETAILED DESXIPTIOY OF THE 
PREFERRED EMBOIXMEXT 

T”ne present process provides a means of reclaiming 
the mineral spirits from a cleaning mixture of mineri 
spirits and 3 prticrvarive oil which has been used to 
clean Otto Fuel II propelled torpedoes. The cleaning 
mixture which is commonly used contains 922 weight 
percent of mineral spirits (Federal Specificatiun IT-T- 
291 Type III) and 7.7 wei_eht per& preservative oil 
(W 12953, TECTYL QIWA), As rot-@oes pass 
throuah these cleaning baths. grease and din a~ well a~ 
Otto fuel II and hydroaen cyanide accumulate. Otto 
Fuel II is comooscd of A.~ T1 5 weieht percent of dibutyl 
scbccate (that is diburyl decanedioatc), 1.5 wei_eht per- 
cent of 2-nitrodiphcnylarnint. and 76.0 weight percent 
of propylene glycol dinirrate (Upropanediol dinitrate) 
as the energetic component. 

The mineral spirirs can be separated from the prescr- 
vativc oil, grease. din, dibutyl sebecate. and 2-nirrodi- 
phenvlaminc bv distiktion. However, the distiIiate will 
be ckntaminakd with hvdrogen cvanide and 1,2- . m 
yopanediol dinixatc. 

In the present process the used cleaning mixture is 
heat soaked to decomoose the 1,2-propancdiol dinitrate 
into gaseous decornpdsition products such s HCN, N2, 
X0;, C@, &CA etc. prior to the distiIlation. The step is 
czxied out a ambient pressure and at 3 tcrnpcrarure of 
from 145’ C. to reflex. preferablv from 160’ C. to reflux, 
more preferably from 175’ C. to’rcflux. and most prcfer- 
ably at feflux. wherein the reh:x temperature of the 
mineral spirits 31 atmospheric ur ambiefit pressure is 
geater than 180’ C. 

Athough ! &propanedioi dinitrate be&s to decom- 
pose at 145” C., the rate is not very practical be!ow 160’ 
C. and it is desirabic to operate at a temperarure 175” C. 
cr more, especially for laiger batches. De fastest rate 
of decomposition in a non-pressurized system is 
ac!Gved at refk. Xx rate of decomposition decreses 
a~ the process is scaled up. making the higher tempera- 
tures even more desirable. 

During this de~cm~osition step, a stream of a suitable 
g7c (such a~ air or niriogtn) is used to sweep the gaseous 
decomposition pfochXts (HCS. X0:, NO, ‘)I$& CO:, 
ercj out of the batch distillation vessel. The rate of flow 
is adjusted to remove tile gaseous decomposition prod- 
LICIS without re*moving the heayier mineral spirirs va- 
por. The gas sirem is filtered tu remove the XX, 
nitrogen oxids. and any other no.tious gases. 

Referring 10 the figure. rhe decomposition step may 
be described as fuIlows. 172e contaminated cleaning 
rrirture of minerti spitirs 2nd prservarive oil is put in 
the barch disClk:ion wsse! 10 and hexed IQ the desired 
temper3SGie (prekibiy re!?EX). CZ? OtTVak U on iine 
s6 is shut to prevent the kstillation of the minerai spir- 
its. The wafer zooie~ retlux contienser 13 condenses the 
mmeral spirit ~BXS snd the condensate rerums 10 the 
baxh distillation vessel 10. ?3e air intake 12 is opened 
2nd the air inrake pump 14 is turned on fking air 
through air line 16 into the barch distillation g vessel 10. 
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Shut off valve 20 is opened and IWO-wav valve 36 is set 
to open the air purge vent 38 and close’ off air iine 4U+ 
The air strea.z~ fl0u.s out of the batch distillation. vessel 
10 through the re:lux condenser 18. shut ofi valyt 20, 
and air line 22 to the carbon adsorber 26. .An optional 
cyani& detector 23 may be ;Ised to monitor air iine 22 
and thus determine the progr:ss of the decomposition of 

- -.e -4 
I 

1.2-propane&o1 dinitrare. The carbon acisarber 25 is 
I 

I - 

used to remove the WC3 and nitrogen o.xides. The air 
stream flows from the carbon adsorber 26 through an 
air line 28, a backup carbon adsorber 32, air line 34 
two-way valve 36. and out of the air purge vent 38. A 
cyanide detector 30 monitors the ourput of the carbon 

i adsarber 26, 
4 L T”he equipment c3n be operated during the eecompo- 

sition step as a closed system by turning the two-way 
I valve 36 so Ibat air line 34 f&s into air line 40 and the 
I air purge vent 38 is shut orT. The air intie 12 is shut and 

the air intake pump 14 is turned off. Air line 40 feeds 
. 2 circulationT pump 42 which is turned on. The output of 

circulation pump 42 is connected by tir line 44 to the 
batch distillation vessel 10. The rcsuft is a closed svstem 
in which air flows through the batch disttilation &ssel 
101 MUX condenser 18, shut off valve 20, air line 22, 
carbon adsorbcr 26, air line 38, carbon adsorber 32, air 
line 34, two-way valve 36, air line 40, operating circula- 

!- 
tion pump 42. air iine U, and back into the batch distil- 

i lation vessel 10. 
The pro~rcss of tile decomposition of the 1.29 

propanediol dinitrate can be monitored by the hydro- 
gen cvanide detector 24 or bv analyzing samples from 
the d&iMion vex3 10. The’dccompohtion is contin- 
ued until an acceptable level of l&propanediol dini- 
trate is achieved. Preferably the concentration of 1,2- 
propanediol dinitrate will be less than 2.0 mg/L, more 
pre,Ferably less than 0.5 my’L. and still more preferably 
less then 0.2 mg/L. 

. . . .f 

. ‘. . 

After the concentration of 1.2~propanediol dinitrate 
has been reduced tu an acceotable level, the mineral 
spirits are distilled off, lesv& a residue of the high 
boiling preservative oil, grease, dirr, 2-nitrociiphenyia- 
mine, diburyl sebecxe, and decomposed matfxiais be- 
hind. Referring to the fiaurt, the distillation can be 
described as foIlowsl 7%; recyciing pump 42 and air 
intake pump 14 are turned off. the air intie 12 is shut. 
and the shut off valve 30 is closed. This closes down the 
decomposition potion of the svsttm. The distill&on is 
begun by opening shut otT valbe 38. Mineral spirit va- 
pars pass though the distillation line 4 and shut off 
valve 48 into thEwater co&d heat exchanger 50 where 
they are condmsed to a liquid which is cokc~ed in the 
distillate vessel 52, Tne distillation mav be carried out 
under vacuum. The batch distillation &se1 10, distilla- 
tion line 56. heat eschanyr 50, and distillate vessel 52 
are cunnect by vacuum line 54 to a vacuum SOUKC 58 
(fur example, a vacuum pump not shownj. A vacuum 
gsuge 56 measurtz~ the vacuum in the system. 

The distilled mineral spirits are mixed with fresh 
presemative oil to fofin a new clekng mixture. 

Tfie general T;atu.re of the invention having been set 
forth. &e following examples are presented & sj~cific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these specific example-s but is 
susceptible to various modific;ltions rhar wiil be recog- 
nized by one of ordinary skill in the m. 

3 

50 ml of conraminared miner4 spirit solvent mixture 
were added to a 1 liter round-bottom flask. ne mineral 
SFtit soivent XliXlL. 1 *VP was mads up of 92.3 weqht per- 
cent of mineral spirits (Federal Specification TT-T-X 
Type III) and 7.7 weight percent of preservative oil 
(WS. 12953, TEXTYL QlWA). The mineral spirit 
solvent mixture ws contaminated with Otto Fuel 11 to 
,aive a 72.6 rn-@L con~tntration of i,2-propanepi ciini- 
trate. The 1 liter flask WAS attached to a r~tafy evapora- 
tor with a cooling water source. Tne @SS rotary evap- 
orator and cooling water were turned on. A hot oil bath 
was placed under the rotating flask containing the bon- 
taminated mineral spir;,ts. A vacuum source (water aspi- 
rator) and gauge vf’ere used to reduce the pressure in the 
rotary evaporator to 8 mm. The hot oil bath was heated 
slowly, thereby hexing the 5W ml of contaminated 
mineral spirits. Tne vaporized mineral spirits were 
coaled and then collected in a 1 liter round bottom 
receiving flask* The vacuum pressure was adjusted to 
allow a smmth flow of distillate to come over (3 to S 
mm Hg) until approximately 10 percent was left in the 
rotating flask. 

The appczancc of the r=overed mineral spirits was 
cle=tr and colorless, equivalent to thdt of the original 
solvent. ‘fhc recovered mineral spiria was analyzed 
with a Hewlett Packard 5880A gas chromatqraph. 
The conditions used for this analysis are listed in Table 
1. 

TABLE 1 

Under these conditions, it was determined that the 
gas ckromatoeraDh traces of recovered mineA spirits 
matched the &z of the original mineral spirits. To 
detetie whtther Otto Fuel II was present in the 
recovered mine& spirits, an electron capture detector 
was used in ciact or’ the frame ionization detector (FID) 
and the c&e: cpzs was 95 Tercent argon/5 percent 
methane. The response or” the gas chromatograph was 
determined by using several miutions of varying con- 
ctntciations 01” neat Otto Fuel ii ir. either hexane or 
benzene. Tne concentration of 1Lpropanediol dinitrate 
the major constituent in Otto Fuel II, was reduced only 
a small amount-!‘rom 72.6 m_p/L in the zontmkated 
solvent to 45.1 m_p/‘L arfer recovery. 

1. 100 ml of contaminated mineral spirits (same com- 
position as in e.~zz@ I) was added to mch of rht four 
250 ml round-bottomed flash. 

2. In flask 1, no chemicals were added, In flask 2. C.2 
ml I-?%QJ wa5 added. In flask 3, 0.2 ml 15M sodium 
hydroxide (XaOHj was added, and in flask 4, 15 ml of 
2x YaOH was added. 
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3. A piece of cyanide test paper was placed at the 
outlet of the condknser to detect the passage of I-KS. 
The test paper chan~cs from pale green to blue; the 
dar’hess of the blue Lmeases Wit5 kczsing cyanide 
concentrations. Conc:r,tr3tions cicyanide s low s 0.2 5 
mg/L can be detezd sfter 15 minute reaction time. 
High concentrations will tuA’Iz the paper blue uritirin . . -*- -l 

. I 
seconds of exposure. 

1 - 

4. WI& being a&red and heated slowiy, solutions 1 
through 3 were brought to boiling (156’ C.). The solu- 10 

I 

rims were &wed to reflux for approximately I hr. 
Solution 1 was heated to PO’ C. for 10 tin- Ali of the 
solutions were allowed to cool. 

The Tut results are listed in Table 2. The initial con- 
cemration of the contaminated &eraI spirits (72.6 15 
q/L) decreased in tests I throqh 3. The concentra- 
tiOn in feSl 4 was only reduced by 34 percenr. This was 
possibiy due to she short heating time and low tempera- 
ture. During test 2. brown furies were released. indicat- 
ing decomposition of nitric acid. This occurred a few 20 
minutes before the solution hey to reflux. 

TABLE 2 

: : . . :f 

. .,’ _. 

1 &mpanediol dinitrate cm effectively be destroyed 
through hearing at elevated temperature-s. This appears 
tu be independent of the chemical treatments that were 
attempted. The concentration used (72.6 mg/L) was a 35 

result oi three torpedo flushings. It ws hoped that the 
chemical treatments in experiments 3 and 4 would also 
eliminate the HCX in the soiution (99.1 rr@L), but tfiis 
was not the case. HCX was detecrtd in all of the sam- 3o 
pies as hey, reached 90’ to 120’ C. Therefore, there 
appears to be no advantqt to using chemical reagents 
in the process, 

Samples of spent (contaminated) mineral skit C~I- 
45 

. . 
ing mixture were heated to various temperatures to 
determined the decomposirion of the 1,Spropanediol 
dinitrate (PGDhT+ The result are containid in table 3. 

50 
TABLE 3 

The best results were obtained when the mineral 65 
spirits were refluxed at 191’ C. Rapid decomposition 
did not bqin until the temperature reached the I50 C. 

EXAMPLE 1 

Tne rate of I,?-propanediol dinirrate decomposition 
3s 160’ C, was nest examined. Tnis temperature was 
chcsen because preiiminary infomation indicxtd thzr 
this was a maximum remDerarure to which commerci4 
disrihrion units were able to heat 3 solvent. Later in- 
ve-srigation showed this temperarure to be 17f’ C. for 
most commercial sti33s. Samples of synthetic spent min- 
eral spirits were prepared in the laborarory for these 
trials. T”ne syntheric waste was minerA spirits and TEC- 
lYL QM49A oil spiked with neat Otto Fuel II. The 
results arc contained in Table 4. 

TABLE 4 

The distillation units being considered for the recov- 
eq system have 3 hoiding capacity of 35 and 60 gal ( 132 
and 227 L). The large volume will increase the time 
required to achieve Lhe desired decomposition of 1,2* 
propanediol dinitrate (PGDN). Two different volumes 
of rynthcric spcnr mineral spirits were refluxed betuleen 
165’ C. and 170’ C. 10 see how significant this increase 
may be (Table 5). 

TABLE 5 
Sampit PGDN Conctnt~atlon 

Voiumc Time rmgm 

The results from Tables 4 and 5 indicate that 160” C, 
is ;OO low a t:qcrature for the decomposition step of 
be process. Art-l *-p 50 minutes there was an $0 percent 
desxluction of the PGDX Tnis would nor provide 
sur^ficient decomposition of PGIN in B distil!ation unit 
which has 2 si~gnificm~l~ greater volume than labora- 
tory scale glasware uh. A The results from Table 5 
show that incr&ng the volume wiil increase the time 
required for sufficient removal of the PGDS. The exact 
effect of the volume of spent solvent in the distillation 
unir c3nn01 be det:mined from laboratory experimenrs 
since the hear rransfer ck:aracreriscics of the: s;iH will be 
different than those of lab-scale units. 

Tne boiling point of the contaminateC mineral spitits 
is approximately 191’ C. This temperature will provide 
the maximum decomposition of Upropanediol dini- 
trate (PGDXl A sampie of spent miner9 spirirs from range. 
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hWS Yorktown was spiked with Otto Fuel II to in- 
crease its PGDN concentration. Sampks of this waste 
were refiuxed at various time intends to ex3mine the 
decomposirian of PGDS at 191’ C. The results are 
contained in Table 6, 

TABLE 6 

SU@C 

rar r::lux. !Ol’ C.i 
PGDS Cdnctn;fation 

!ng/Z) 

Srock 597.0 
Rtfhcd for 5 min 13.4 
Ret’l~xtd for 10 tin < 2.0 
Rcrluxcd for 20 min < 2.0 

Refiuxcd for 20 min < 2.0 

The PGDX was rapidlv decomposed at this tempera- 
ture. For the optimum &composition or” PGDN the 
therma treatmenr step of the process should be oper- 
ated at the normal boiling poinr of the solvent. The time 
required for sur’ficient removal of the PGDN should be 
determined from trials with the actual distillation unit. 

To those skilled in the art. maw modifications and 
variations of the present invention Bre possible in light 
of the above teachings. It is therefore tu be understood 
that the prsent invention can be practiced otherwise 
than as specifically described herein and still be within 
rhe spirit and scope of the appended cltims. 

What is @aimed is: 
1. A method of purifying mineral spirits conuminated 

with 1,2-propanediol dinitrate and hydrogen cyanide 
comprising: 
(I) removing the 1,2epropanediol dinitrate and hydro- 

gen cyanide by simultaneouslv 
(a) heating the coqraminared&neral spirits in a par- 

tially filled vessel at a temperature of from about 
145’ C+ 10 the reflux temperarure of the mineral 
spirirs at atmospheric pressure to 

8 
(i) decompose the I.I-propanedioi dinitrate 10 case- 

ous decomposirion producrs including hvdr&en 
cyanide and nitrogen oxides and 

(ii) drive the gaseous dccornposition products from 
the mineA spirits into open ponion of the WS- 
sel, 

(b) purping the cz.seOus decomposition products from 
the &sseI wi:h a stream of a carrier gas, and 

@) re~~~oving the hydrogen cyanide and nitrogen 
oxides from the carrier gas; 

and when the concentration of 1,2-propanediol dini- 
tratc in the mineraI spirits has been reduced to an 
acceptable level, 

. 

(2) recovering the mineral spirits from the vessel by 
ciistillatjon. 
2. The proces of c!aim 1 wherein the temperature in 

Step (1) is from 160’ C. 10 the reflux temperature. 
3. The process of claim 2 wherein the temperature in 

step (1) is from 175’ C. to the rcflux temperature. 
4.The process of claim 3 wherein the temperature in 

step (1) is the rcflux temperature. 
5. The process of ciaim 1 wherein the canier gas is 

air. 
6. Tne process of claim I wherein the hvdrogen cva- 

nide and nitrogen oxide are removed frok the carher 
gas by carbon adsorbers. 

7. The procss of claim 1 wherein step (I) is temi- 
nated after the cOnct3xration of lJpropa.nediol dini- 
Irate in the mineral spirks has been reduced to less than 
2.0 mgIL. 

8. The process of ckrn 7 wherein step (1) is termi- 
nated after the concentration of l&propanediol ciini- 
trate in the mineral spirits has been reduced to less than 
OS mg/L. 

9. The process of claim 8 wherein step (1) is terrni- 
nated after the cuncentratian of K-propanediol dini- 
trm in the mineral spirits has been reduced to kss than 
0.2 mg/L. 

m I l l a 
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